Abstract-To reduce losses in the zero conductor of threephase alternating current networks, it is proposed to use a switching device made on the basis of semiconductor thyristors, in order to enable the single-phase consumer to be connected to the required phase of power supply in order to reduce asymmetry. An algorithm for the operation of this device is developed and presented. Modeling of various schemes of connection of single-phase consumers allowed to make a conclusion about the expediency of the proposed measures.
I. INTRODUCTION
To reduce the negative consequences created by unbalanced loads (including several single-phase consumers, which entails an increase in the electrical potential at the zero working bus, deviation of the electric voltage of the electric receiver, phase misalignment), it is necessary to use a technological device that includes microcontroller equipment with a measuring complex and providing measurement of load currents of single-phase consumers, redistribution of supply phases and provision of protection against emergency modes [1] .
A distinctive feature is the redistribution of loads of singlephase consumers to a three-phase network, characterized by a switching time of not more than one half-cycle for networks with a frequency of 50 Hz (up to 10 ms).
The existing analogs of asymmetry reduction devices operate by the principle of electromagnetic transformations and have a number of serious shortcomings that are absent in the proposed solution [2, 3] .
At the stage of developing the principles and algorithms of the asymmetry reduction device, theoretical and experimental studies were performed, the results of which are presented in this article.
II. THEORETICAL BACKGROUND
The experience of repair work in electrical installations with single-phase consumers (including in household electrical systems), it was noted that the most common is burning with the destruction of the zero working conductor in junction boxes and electric boards. The effect of the destruction of the zero conductor due to excessive heating is due to the presence of a potential other than 0 V on the bus as a result of the non-symmetry of the load.
An example of an asymmetric electrical circuit of substitution and its vector diagram are shown in Figures 1 and  2 . Fig. 1 . The electrical scheme for replacing the asymmetric load of singlephase consumers in a three-phase four-wire network of alternating sinusoidal current.
The current strength and the voltage between nodes (e) and (f) (Fig. 1) characterize the loss power in the zero working wire (1):
where In -the complex of the current flowing through the zero working conductor, A;
Vn -the stress complex between nodes (e) and (f), V Voltage complex Vn between nodes (e) and (f) is determined from the expression for the nodal potentials (2):
where Ua, Ub, Uc -the complex of phase voltages of phases A, B and C of the electric power source, respectively, V; G`i = 1/(Ri+Rl) -the complex of electrical conductors taking into account the resistance of conductors, S; Gn = 1/Rl -conductivity of the zero working conductor, S. Value Vn = 0 V is obtained if the phase conductivities are equal to each other G`a = G`b = G`c. The equality of the phase conductivities is a condition for the symmetry of the loads.
When designing switchboards, they try to alternate the outgoing groups in accordance with the load capacity so that the load capacities of the phases are equal to each other. An example of a symmetrical distribution of loads is shown in Fig. 3 .
When at least one consumer is disconnected, the circuit ceases to satisfy the condition of a symmetrical circuit and an electric current arises in the zero conductor.
III. SIMULATION OF THE EXPERIMENTAL SCHEME Equations 1 and 2 and the data in Fig. 3 , various variants of the operation of the circuit were modeled. In the simulation, the following assumptions were made: the power factors of each electric receiver is cos = 0.9; rated phase voltage is U = 220 V; resistance of one current-carrying core is R = 0,1 Ω. Table I shows the connection options with maximum asymmetry. When modeling the various options for switching off single-phase consumers, the voltage on the zero working wire was detected as a result of asymmetry. If there is an asymmetry along the zero working wire, an electric current starts flowing, which characterizes the power of losses in the form of heat. On average, among all possible options, the power loss in the zero working wire (under the condition of resistance 0.1 Ω, which corresponds to a wire length of 10 m) was 18 W.
In the cases, presented in Table 1 , to reduce the asymmetry, it is necessary to redistribute the supply phases. For redistribution of phases, an algorithm of calculation was developed (hereinafter the Algorithm).
The algorithm envisaged a search of various variants of connection of consumers (further Brute) with memorization of variants with minimal asymmetry. The block diagram of the algorithm is shown in Figure 4 . For the data in Table I , the results of the Algorithm ( Figure  4 ) are shown in Table II . To analyze the efficiency of the algorithm, a program was written in the Arduino IDE (Sketch) development environment and tested on an ATmega328 microcontroller with a clock frequency of 18 MHz [5, 6, 7] .
IV. OPEN SOURCE PROGRAM CODE
The Sketch source code provides an estimate of the time of finding the optimal connection option and the calculation of the Brute time. The source code for Sketch is shown below.
Const int n = 7; // number of single-phase consumers As can be seen in Figure 5 , the time of Brute with the number of consumers, exceeding 6, exceeds T>1s, therefore, with more consumers, it is necessary to group them to speed up Brute.
To implement the algorithm in a technical device for switching, it is necessary to use semiconductor elements, such as optocouplers and thyristors [8, 9] .
The technical device is a printed circuit board with a set of thyristors and optocouplers as well as measuring modules for each consumer. To connect, each consumer provides one section. Each section contains 6 thyristors and 6 optocouplers, as well as one voltage divider.
Voltage dividers provide a signal to the analog input of the microcontroller in which the instantaneous potential of the outgoing group is measured.
Three voltage dividers are installed in the incoming phases of the technical device. The signal from the voltage dividers of the incoming phases is also fed to the analog inputs of the microcontroller. When comparing the values of analog signals from the supply phases and outgoing groups, the microcontroller determines the value of the current consumed and the phase angle.
The value of the current strength is determined by the voltage drop across the thyristor in accordance with its current-voltage characteristic.
A digital signal from the microcontroller is fed to the optocoupler LED, which controls the operation of the thyristors. In each section, only one thyristor can be connected at a time, which allows switching within one period.
An electrical schematic diagram of one section of a technical device is shown in Figure 6 .
Since the technical device is a set of sections, it is necessary to determine the quantity of analog and digital ports to select a microcontroller. To determine the quantity of digital ports, one must use the following expression:
where Nd is the quantity of digital ports of the microcontroller; N -quantity of outgoing groups (sections).
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To determine the quantity of analog ports, let us use the following expression:
The principle of the device is to read the instantaneous values of the potential of incoming phases, to read instantaneous values of the potential of the outgoing groups, to calculate the current consumed, to perform the Brute and switch. The algorithm of the technical device is shown in Figure 7 . The commutation is performed in the following order: all thyristors are turned off; if the potential of the ascending group is zero, then the thyristor pair is switched on.
Since the devices have the ability to measure the consumer's voltage and current, it becomes possible to measure active power, full power and power factor. The use of a microcontroller to control thyristor pairs allows the remote switching on and off for consumers, as well as protection from emergency operation modes.
The finished technical device can be manufactured in a casing with the appropriate mounting on the din-rail. This will make it possible to replace switching devices and protection devices in existing electrical installations with the proposed technical device without changing the design features. The proposed technical device will simplify the assembly of electrical distribution boards.
VI. CONCLUSION
At present, a laboratory sample of a device for reducing the asymmetry of single-phase loads has been assembled and its test is being carried out for the reliability of operation and the possibility of performing protective functions.
As mentioned earlier, increasing the number of outgoing groups leads to an increase in the Brute time. So to speed up the selection process, one should break the number of outgoing groups into several subgroups and perform the Brute Algorithm inside each subgroup. Using a microcontroller allows different interfaces to communicate with other similar devices. Thus, it is possible to build large switching circuits with integrated communication (including remote control and connection to the Internet).
Using a system to reduce the asymmetry of single-phase loads in three-phase four-wire networks together with an improved Algorithm will reduce the asymmetry, which will lead to a reduction in losses on the zero working wire (for the simulated situation) from 18 W to 1.9 W or 89% [10, 11] .
It is also possible to add measurement functions to the body of Sketch to provide protection from consumers' work in emergency modes and metering of electricity, to include remote switching and to integrate the device into the «Smart Home» or «Automated House system».
